In the first study dry matter (DM), organic matter, crude protein (CP), neutral detergent fibre (NDF) and soluble carbohydrate (SC) concentrations were determined in whole leaves and the upper and lower sections of whole leaves of the Agave salmiana (Otto ex. Salm-Dyck) plant. The pH and saponin concentration were measured in aqueous extracts from these leaves. The leaves were collected from plants at the young (ca. 12 years old), bud (ca. 14 years old) and mature (ca. 16 years old) stages of growth. The CP level of young Agave (48 g/kg DM) leaves was higher than in leaves from the bud (38 g/kg DM) and mature (43 g/kg DM) stages, and higher in the upper (51 g/kg DM) than in the lower (35 g/kg DM) leaf sections. The leaves at the bud stage contained lower NDF (189 g/kg DM) but higher SC (358 g/kg DM) levels than those of mature (272 g NDF, 247 g SC/kg DM) and young (273 g NDF, 189 g SC) plants. The saponin content of leaves was higher in the mature (11.1 g/kg DM) than in the bud stage (7.5 g/kg DM). In the second study the chemical composition of whole leaves from young, bud and mature micro-ensilaged (3.5 kg as fed) Agave was determined over a 36 weeks fermentation period. Agave silage had acceptable chemical characteristics. As time of fermentation increased, a linear decrease in DM and saponin concentration, a linear increase in NDF and lactic acid levels and a quadratic increase of pH values and ammonia-N concentrations were recorded. Both fresh and ensilaged leaves of the mature and the bud stages were the most desirable maturity stages of Agave to be utilised as feed for ruminants. 
Introduction
In arid and semi-arid areas of Mexico Agave spp., Opuntia spp. and Yucca spp. are important sources of nutrients, especially water, for humans and animals. These plants are widely distributed and adapted to harsh environmental conditions. Agave salmiana, a non-cultivated plant, is the main source of sugars (ca. 500 g non-structural carbohydrates per kg dry matter (DM)) to produce mescal, an alcoholic beverage obtained by distilling fermented Agave juice (Wang & Nobel, 1998; Pinos-Rodriguez et al., 2006; . Agave salmiana has a large rosette of thick fleshy leaves, each ending generally in a sharp point and with a spiny margin; the stout stem is usually short, the leaves apparently springing from the roots. A wild Agave starting its reproductive phase (shoot apex thinned at its base, and youngest leaves shorter and displaying black and shiny spines) is called "bud". After the bud stage the apical meristem is removed, and the plant is considered "castrated". One year following castration, Agave is considered mature and ready to be harvested (Aguirre et al., 2001) . Thus, under average environmental conditions such as the semi-arid areas in northern Mexico, wild A. salmiana reaches maturity at ca. 16 years (Aguirre et al., 2001) .
During the dry season (October -March) A. salmiana leaves are used as feed for cattle and goats, containing ca. 800 g water/kg and <40 g crude protein (CP)/kg DM. However, there is little information on the chemical composition of Agave at the different maturity stages (Pinos-Rodríguez et al., 2006; Silos-Espino et al., 2007) , though mature plants would be more desirable as an animal feed because the sap in young Agave plants has a high content of calcium oxalate crystals, acrid oils and saponins (Salinas et al., 2001) . The objective of this study was to determine the chemical composition of the leaves and leaf sections
Materials and Methods
Leaves from wild specimens of the plant A. salmiana (Otto ex. Salm Dyck) were collected at Ipiña, Ahualulco, San LuisPotosí in central Mexico between latitudes 24°29'N and 21°10'N and longitudes 98°20'W and 102°18'W. This site has an arid climate with an average annual temperature of 16.8 °C and an average annual rainfall of 389 mm. Most of the precipitation is between September to November, and spring is a dry season.
Leaves from Agave plants were collected at three maturity stages: young (ca. 12 years old), bud (ca. 14 years old) and mature (ca. 16 years old) stages. In the first study three A. salmiana plants from each of the three maturity stages were selected randomly. From each plant, all leaves were cut in two symmetric transverse sections, the lower and upper sections. Samples of each section were cut (length, 2 cm) with a knife, dried (55 °C, 48 h) and ground (1 mm). Dry matter, organic matter (OM) or ash and CP (N x 6.25) were analyzed according to AOAC (1995) . Neutral detergent fibre (NDF) was assayed without heat stable amylase and expressed inclusive of residual ash (Van Soest et al., 1991) . Aqueous extracts from fresh samples were used to determine pH values and saponin concentrations. A portable pH meter (pH meter, OAKTON, Vernon Hills, IL, USA) was used for pH determinations. Saponins were determined with a spectrophotometer (430 nm; UV-VIS Agilent 8453, Santa Clara, CA) using anisaldehide and diosgenin (Sigma Chemical Co., St. Louis, MO) as colour reagents (Baccou et al. (1977) . Soluble carbohydrates (SC) from dried samples were analyzed (Dubois et al., 1956 ) using a colorimetric method (490 nm; UV-VIS Agilent 8453, Santa Clara, CA) with glucose (Merck, Darmstadt, Germany) to obtain a calibration curve.
In a second study, nine Agave plants (three of each maturity stage) were harvested randomly. Whole leaves from each plant were ground (20 mm, using a chopper, Aztec, Aguascalientes, Mexico) separately. Fourteen micro-silos (3.5 kg as fed) per maturity stage were made using black PVC (1 mm thick). The micro-silos were compacted with a manual press and kept outdoors (13 -32 °C) for a 0, 1-, 2-, 3-, 4-, 5-or 36-week fermentation period. Three silos per maturity stage corresponding to each fermentation time (0, 1, 2, 3, 4, 5, and 36 weeks) were opened; samples were taken and analyzed as described for the first study.
Additionally, aqueous extracts from the silage were acidified with 3 M metaphosphoric acid (1:4 dilution), cooled (4 ºC) for 5 h and centrifuged (3,000 g; 4 ºC; 30 min). Supernatants were removed and samples were frozen (-4 °C). Concentrations for volatile fatty acid (VFA; Erwin et al., 1961), ammonia-N (NH 3 N; McCullough, 1967) and lactic acid (Madrid et al., 1999) concentrations were determined.
The experimental design of the first study was completely randomized with a factorial arrangement of treatments (3 x 2): maturity (young, bud and mature) and leaf section (lower and upper). Main effects and interaction were analyzed using the 'GLM' option of SAS (1999) , and the 'LSMEANS' option (SAS, 1999) was used to compare means. The statistical model was: Y ijk = µ + A i + B j + (AB) ij + ε ij, where: µ = overall mean, A i = maturity effect (i = 1, 2, 3); B j = leave section effect (j = 1, 2); (AB) ij = interaction effect of A i and B j and ε ij = random error. The experimental design of the silage study was a complete randomized design with a factorial arrangement of treatments (3 x 7): maturity (young, bud and mature), and fermentation week (0, 1, 2, 3, 4, 5, 36). Main effects and interaction were analyzed using the 'GLM' option of SAS (1999), and the 'LSMEANS' option (SAS, 1999) were used to compare means of maturity stages. The fermentation week effect was analyzed with orthogonal polynomials (linear, quadratic and cubic) calculating coefficients with the 'IML' option of SAS (1999). The statistical model was: Y ijk = µ + A i + B j + (AB) ij + ε ij, where: µ = overall mean, A i = maturity effect (i = 1, 2, 3); B j = fermentation week effect (j = 1, 2, 3, 4, 5, 6, 7); (AB) ij = interaction effect of A i and B j and ε ij = random error.
In both studies significant differences were accepted at P <0.05. Because no maturity and leaf section interactions or maturity and fermentation week interactions were obtained, only overall main factors are presented.
Results
The chemical composition of fresh Agave leaves is shown in Table 2 . Maturity affected (P <0.05) only OM and saponin content, since content of OM was higher in mature compared to young leaves. Saponin concentration was higher in the bud than in the young or mature leaves. Concentration of volatile fatty acids in the silage was not affected by maturity stage.
Changes in chemical composition of the ensiled Agave leaves over time are shown in Table 3 . During the first four weeks of fermentation, DM in Agave silage decreased sharply, and then remained relatively constant until week 36. In the first week of fermentation, NDF concentration increased sharply, and increased steadily until week 36. There was a linear decrease of saponin concentration as weeks of fermentation increased. The pH values were sharply reduced in the first week of fermentation, followed by mild decreases until week 3, without any further changes. Lactic acid concentrations increased linearly with time. Ammonia-N concentrations did not change in the first two weeks, increased sharply in the third week, without further changes afterwards.
Discussion
The chemical composition of Agave leaves recorded in this study is similar to those found by PinosRodriguez et al. (2006; . However, DM content was lower than reported previously. This could be due to the fact that the Agave plants were collected during the rainy season (September) and these Crassulacean acid metabolism (CAM) plants have a high capacity for storing water (Nobel & Meyer, 1985) . Differences in the OM and CP levels found in the bud and mature compared with those in young Agave leaves might be related to higher concentrations of SC. Leaves of Agave plants have a low photosynthetic activity that is involved in the enzymatic process to store SC (Nobel & Meyer, 1985) . Thus, CP levels in the leaves of Agave plants in the bud and mature stages were higher and contained more SC than leaves during the young stage.
In this study SC concentrations were higher (P <0.001) in bud than in mature leaves, which does not agree with Aguirre et al. (2001) who found a higher SC in mature Agaves. However, they determined SC only in the lower section of the leaves but included the stem, whereas in this study only whole leaves were analysed. This higher CS concentration in the lower than upper leave section has been previously reported in A. tequilana (Iñiguez-Cobarrubias et al., 2001 ), but in this study there were no differences in the CS concentration between lower and upper leaf sections. The mean SC concentrations of mature, bud and young Agave plants found in this study (265 g/kg DM) are low in comparison to those reported by Aguirre et al. (2001) . This could be because these authors determined SC in the stem plus the lower section of the leaf, whereas in the present study SC was determined on leaves without stems.
Since NDF concentration was higher (P <0.001) in the young than in the mature and bud stages, cell wall accumulation in Agave plants would be different to that in other plants where NDF concentration increases with maturity (Van Soest, 1994) . This is also a consequence of a high accumulation of SC in Agaves. Saponin concentrations of leaves in the mature and young stages were similar, but lower (P <0.001) in the bud stage than in the mature plant. There is a trend of a higher concentration of saponins in young as compared to mature plants (Francis et al., 2002) .
The pH values found in this experiment agree with values reported by Pinos-Rodriguez et al. (2007) . The low pH in Agaves could be due to the fact that the optimum pH for enzymes involved in CAM is 2 or 3 fold lower than in most C3 or C4 plants (Salisbury & Ross. 1991 ) such as ryegrass (Davies et al., 1998) , maize (Johnson et al., 2002) and barley (Mustafa et al., 2002) .
In this study the DM content in the silages was lower than that recommended by McDonald (1981) who suggested a DM content of ca. 300 g/kg to obtain silage with acceptable chemical and physical characteristics. Agave silages contained low butyrate concentrations from the first week of fermentation (Table 2 ). This suggested that the SC content in fresh Agave was enough to produce the amount of (Davies et al., 1998 ). An undesirable physical characteristic observed, but not measured, was the high quantity of effluent produced by Agave silages. Effluent production is negatively correlated with DM content (Frasen & Strubi, 1998) and positively correlated with nutrients loss or solubility as non-structural carbohydrates (Savoie et al., 2002; Yahaya et al., 2002) . A reduction of moisture in fresh Agave could be an option to reduce effluent, as has been done with other forages (McDonald, 1981) . Contrary to common forages, Agave maturity did not affect the chemical composition of the silage. This may be a result of the higher SC concentration that can be converted to lactic acid in mature or bud stages as compared to young Agaves. This is in agreement with results found by Pinos-Rodriguez et al. (2007) , but is higher than those reported in grass (Cherney et al., 2004) and maize silages. This could be due to its low buffering capacity that prevents lactic acid generation (Johnson & McClure, 1968) , an aspect that needs further investigation in Agave plants.
Acetate concentrations of Agave silages were similar to those of silages of common plants (McDonald, 1981) . This is an important characteristic of Agave silages because although lactic acid is the most desirable acid in ensiling, acetate enhances silage stability when the silo is opened and the content exposed to aerobic environmental condition , because acetate is less dissociated than lactic acid, helping to prevent growth of undesirable microorganisms .
The silage process reduced the saponin concentration in Agave silages (from 6.1 to 3.4 g/kg DM), which is similar to that reported in lucerne silages (Kalac et al., 1996) . Agave saponins are mostly steroidal sapogenins bound to one or two sugar chains (Yang et al., 2006) . This complex makes the saponin molecule an active compound, but when the sugar chains are separated the sapogenin molecule becomes an inactive compound (Wang et al., 2000; Singh et al., 2003) . Francis et al. (2002) suggested that some saponins might be de-activated during the anaerobic fermentation of silage.
Conclusion
Upper and lower leaf sections of A. salmiana are a good source of soluble carbohydrates. However, the CP content is low which would require protein supplementation. Ensiling A. salmiana decreased its saponin concentration, and the silage fermentation characteristics are acceptable. The chemical composition suggests that the mature and bud stages are the most desirable stages of Agave to be utilized as a feed for ruminants.
